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Abstract

This study investigates the effect of pre-freezing temperatures (-20°C (CFS/-20), -40°C (CFS/-40),
-60°C (CFS/-60), —80°C (CFS/-80), and liquid nitrogen flash freezing (CFS/LN)) on the structure
and properties of self-assembled collagen fiber sponge (CFS) derived from tilapia skin. Scanning
electron microscopy (SEM) and X-ray diffraction (XRD) results indicate that with decreasing pre-
freezing temperature, the structure density of tilapia skin self-assembled collagen fiber sponge
gradually decreases, with CFS/-20 being the most dense, and the fiber diameter of the sponge grad-
ually increases. The porosity, water absorption rate, and water retention rate of the collagen fiber
sponge increase gradually from CFS/-20 to CFS/-80 and CFS/LN. ATR-FTIR results show a slight
increase in the wave number of the amide A band from CFS/-20 to CFS/-80, indicating a weaken-
ing of hydrogen bonding. Furthermore, with decreasing temperature, the compressive strength
decreases, mechanical properties decline, and resistance to enzymatic degradation weakens. In
conclusion, pre-freezing temperature significantly affects the structure and properties of tilapia
skin collagen fiber sponge.
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MRS RIVERE, R AR VR 9] IRIEAF R4 ML, R AR AR
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R Mfess, KIHZ IL=GEMB S 1R T IR MR ERIOR Y, [, iR ar e aett o)
PR HER) 2 VEREEOR, A& — A BA MRS R0 b kL. Behh, 8RBT I IR 45 R T L 21
WET. W Pawelec S5 [11] AR AR TR a8 R JEOP R AL AR B A P AR L ) ICHR G 30 TR
LRSI A R E R o R BRI R TR GRS, RS RO R I JE A R FLER
g5k, PRALHVERE. JE, WRT RO AR S R RIS R TR AN B TR B A 0 Vi 4 ) R T
AN BB S5 A4 LA LB 2 PR REAT IR OR IS, B R R 008 2 A7 A A R AR e 4 o (ELZ H R T3
PR BE NS J SR 2T Yl 4 25 K A BESE A R RT FU e o AW FERSRAI-20°C . —40°C. —60°C . —80°C LA L2l
R AL IR S AE 10 e IR T it o, SRAAH AT LM X S ZRAT S 1 X g 4 45 A A SURp A 13k
ITRAL . JEXHAEREREAT TP, BIEHURIERE. LR PUBEMRTE. TUKFMOACRE . BIHHARIR
ARG B A i i i SR 2T il 4 R G5 R AN RE (RS2, DRI TR R et e ) 4 RO A SR R R AN S 55

2. SCIGER4Sy
2.1 RS

PR R T T KN, —20CHRAE: A, BRI ERARARA R KB,
E 2RI AR FE R AR &y, EAEFNERFARAR; BRE W, EAEDMLAAFG
PR R A, EZERMERAERAR: BEAM, tEREEREARAR: | BRJER,
78 [H Biofroxx 2417,

22. FEERE

R URTIENL, FD5 &Y, J&miERA R AR ST 2588, JSM-6700F &Y, HA JEOL
NT); BEIRA A B AR AT A6 HEAY, Nicolet 6700 %Y, 2:[E Thermo Fisher Scientific A& X 54k
fiTSHX, DIMAX/2500 PC %Y, HZ Rigaku A wl; HF/RERIEHL, UTME000 &Y, RIYII=EH BRI
MHERATF: SEAEHEOHL, CT14RD DA, g RERFAGEAIRAR; BEHAMKIEKSE, HD-86L390
B, WEEEERAF.

2.3 SEWAHE

2.3.1. TiEa MR BMEFENEE

B At B BRI M SR O ) 4% 25 Xiang [12]10779 . BUE & R BT RBOIR, %88 kBHR EL 1:20 i\
10%IE T EE, 76 4CFBAE 8 h, FHEE =k FZEMKMEET3)GE, %A E g 0.1 mol/L
(1) NaOH ¥ IR0 24 h LABR 23RBS i dr o 7K e 2 PR G+ R 1:50 ¥ LA 7E f1 B FRoim N 0.5 MRS R 1%
W, I BT & 0.5% ) B S EEE T 4°C AT TR 48 h, B.0UE EiHW . N NaCl 249K &
0.9 M #Hitfr, BLOUWEDTER T 0.5 M BRI H, H 0.02 M 1) NaHPO, IHGE T 24 h, FEH 0.1 M
BEBRVSTIENT 24 0, fJ5 I Z50/KIENT 48 h, VRT3 B {2 %5 P i )5 (Pepsin-soluble collagen, PSC).

2.32. RIRA%E SmaMiE

B BRI E AR E A 0.5 M FIBSER A, 76 4°C N FEA MR 24 h #4552 IK B 10 mg/mL )
S JRIE W . INNZEARAR [ 40 mM B2 S22 P (PBS, pH 7.4) Tk iR 4, 7 pH 7.4, BU3 mL A
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12 fLARH, SZEPE T 28°CH&M T EHREL R, FHZARMBARBMALE 48 ho W/KER 25 F-20C. —40C.
—60°C. —80°C LA A LM F 1k 48 h, ARG H TR . NRRITE, PSR IRA4E0 455 3 bric N
CFS/-20. CFS/-40. CFS/-60. CFS/-80 #il CFS/LN.

2.3.3. B FEMFE(SEM)
B EZRS IS, ] SEM WELHEAR RON 451, ¥ B FL T AR INE B R A 10 KV,

234 TRERGFEEHTRIIEESTTATR-FTIR)
Fl ATR-FTIR S48 EAT L0543, I A 4000~500 cm™, 94 64 &k, #EFE AN 2cem ™,

2.3.5. X HHE{THHER(XRD)
KA XRD K444, 58 10 */min, FH#E A 5-40° (20), X B CuKa, HIEN
40KV,

2.3.6. IH4RROFLBRZE

22 Feng [13]/177 VR 52 2 Akt J I SR AF e g 4R O FLIR R . 1 ek B4R 2, /K LB
BT 15 mL FIBEEE R SRR, HUCK AR B 5 2 HIR i, B 5 min LEBRIESRFLIR it 2
B Jo PR PR BT K B B IR A S . SIS, FREIIEARAE R T K LENRE. %
FE A ) TR FLER R

W, W, - W,

Porosity = % x100% @)

1 3
A WO Nigdn i W1 MK QBB A 4 i i W2 Juian i S5 Rl oK £ (1 350
AR W3 B 4R 5 AR TO K CREA B A A (.

2.3.7. BEABIKFEFFRKR

2% Xiang [12]11 777200 5E 2 JF i Je Jie SR A1 i 4 IO WOK S AN OR/K 22 o B SERR B4R it IR ot B, X
40 mM [¥] PBS #ii(pH 7.4), Til#Z 37°C. ARG R4 FF, £ 37°C MEIRIFE 24 h, HETHIE
ARG ESE 1 min, WTRIKSEHRE. BIEAETR T B OEIRE, RERERBAIY, 500 r/min
B0 5min ERE. A RQ)R(3) T HRARRK R AR R

. . W -W,
Water absorption ratio = #xlOO% )
0

. W, =W,
Water retention ratio = %xloo% 3)
0

X WO Duilsanit it W1 ONTEIRIE B /AR, W2 Ve L e IR i .

2.3.8. FFLRRILMERE
S8 Xiao [14]19 7 vE0 52 B IR £F 4 4R A UME RE . A B 77 5 REAR IO ALIN 52 R T 1 4 s 47 1) TR 4
PRI, R E N 5 mmis, KN AR RN 80%.

2.3.9. BRAINERREM R

2% Fernandes [15](1 775 2 B SR 4F 4 4R BTG AE TR RE . K | YRR R(>125 U/mg)is T 50 mM
Tris-HCI 2243 (pH 7.4, 0.36 mM CaClI2)H . A& HIFREL— & B W T [ R RIS IR 4F e ifg 45, B HRs T
B, R SHEARIHE N 2 UImg. T 37°CAMFT#RE, MR —BA A, K5 E Tk 2 ki
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2.3.10. EIBS
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3. HR5ITR
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B et SR A A4 e IR IR 20t B AR R, Wil 1 s, AR TRIRE AT S, HAW
SER R R RS SR AT A T R = G 28 251, 5 il 7 B S A [ 16 R A e s J B T [17] E SR AR TR RV 45 1A 2K
Bho SRTAT, T LABH S B 2 5 b o i S AT AE BUH FE AN IR], BE G IR RS (R BARAIR, R D 2 4 1) % i
BTPEAIG . XS PR O PR R BE R, BRI 2 TR i A7 A2 W S R AR AR AR /NI I R o W4 A IR SR T A B80%
PIARA, KX FEHUMRIERE . FLERZR . IR M5 = A B 18], DA WF AR, AR A 4E i 43 BUoR
T A 25 HE) B RE) 50T e 4 52 B BRI S5 45 4 2 1] i FiAH ELAE I [19] - CFS/—20. CFS/~40. CFS/—60.
CFS/—80 A1 CFS/LN fYI£F 45714 B 12/ 318.86 + 111.62. 341.59 + 106.49. 372.01 + 111.53. 408.25 + 135.43
F1442.29 + 160.14 nm, B & PARIR AL PRAK, A4 EARIRHTAH . 24 RYE PC LIk S B L R R 4
YEAS AP ARE AN R [12] o J IR £ A4 1) = 248 09 2% 5 1 A H B RAF R A D e ek o AR 0 AR 5 S AR e s
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Figure 1. SEM images and distributions of diameters of collagen fibrillar sponge
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Figure 2. Effect of pre-freezing temperature on ATR-FTIR of collagen fibrillar sponge
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W 3 frow, SN FTARIR AL S B R A i 4R 5 ML NI . BB — MR AR BLIATAT I, Af
T 6°~8 BT, A& HHEF4EIGARINSE S X PR A I [23] 0 B8 AN N H R IIAT I T 20°~25° 2 8], Hifg4h A
T T X IR A B U 5. IRIR /> F— M BB AT 22, SR I 57 IR AC TR R s S 41 4,
M T RS T [ 93 J2 A8 2R 45 #49[24] . M CFS/-20 %I CFS/—80, Bifi T i & I FRAR, 55 — NG R B H R %80
R T A AT U . RBAIRFE PR, WAL XK, ZaBE A E R IN[22] . JR R AT R iR B PR S B
Jie SR AT Ak g G A BV E FH OS5 o T CFS/LN H BB IAT 06, SRR, nTAE R i T 7A IR o i Ui
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Figure 3. Effect of pre-freezing temperature on XRD of collagen fibrillar sponge
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SERRENS (L IR A0 B ) PR RO B, 7278 IR s S AN A R R HE S R SR, SR LB R
TEAEXT AR AU RE R IR A IR RE IR [27]. & 4 s, CFS/—20 HIFLFR# )y 83.07% + 3.81%, B4 Filik
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1EMYGY7[29],  FHUEAEN-60°C . —80°C FHR Tl 1t 45 55 A ) T~ 7 (b i A4 B S5 i B FH o

100 | a a a
00 b T I ——
8oL

60

401

Porosity (%)

20F

0

o P & ] >
\ \ \ \ NY
éé% ég o“% c?% ég

Figure 4. Effect of pre-freezing temperature on porosity of collagen fibrillar sponge
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3.5. FUAim X I R AT 4E S SRR K R AN Rk R B B2 M

WK RO IK A2 AR AR ) B R 2 — o R K AU R F A i R B A A, i AR08
FEN) T AE A M [ () S AR = P R HE H [30] 0 TR i B %o g J& £ 4 4 MR /K SR AR /K S R 52 i G 1] 5
7 . CFS/—20. CFS/—40. CFS/—60. CFS/—80 A1 CFS/LN (W 7K #4351y 1779.52% + 107.29%. 1867.74%
+41.64%. 1969.81% + 80.63%. 2003.73% + 35.57%#F1 2097.81% + 171.51%, 1] LA Hi B Filv I ik
iK%, EBAMTUKREEDIGK S, JEF EZ 2R NIRRT K. I HBSRTUKEHE S T Ef
TR SR IR W Ik AT S HR28) Y A0 I SR 7 R S SR 28] a1 R TR R /5T S E A 4R S 4R [31]. AR,
ANFI TR NI A BB ER, F B TR AR 520 X 45 45 44 v S 7K 1 2 25 DA O [32]
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Figure 5. Effect of pre-freezing temperature on water absorption ratio and
water retention ratio of collagen fibrillar sponge
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Figure 6. Typical compression stress-strain curves of collagen fibrillar sponge
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Figure 7. Effect of pre-freezing temperature on enzymatic degrada-
tion ratio of collagen fibrillar sponge
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